A stochastic background of primordial gravitational waves could be detected soon in the polarization of the CMB and/or with laser interferometers. There are at least three GWB coming from inflation: those produced during inflation and associated with the stretching of space-time modes; those produced at the violent stage of preheating after inflation; and those associated with the self-ordering of Goldstone modes if inflation ends via a global symmetry breaking scenario, like in hybrid inflation. Each GW background has its own characteristic spectrum with specific features. We discuss the prospects for detecting each GWB and distinguishing between them with a very sensitive probe, the local B-mode of CMB polarization.
: LEFT: The time evolution of the GW energy density during the initial stages of preheating after hybrid inflation, from Ref. [6] . Note the three stages of tachyonic growth, bubble collisions and turbulence. RIGHT: The observational bounds on GW. Flat spectra correspond to GUT Inflation (dashed line) and global phase transitions (continuous lines), while the peaks at the end of the latter spectra correspond to preheating at high scales.
and occurs in most models of inflation. It can be particularly violent in the context of hybrid inflation, where the end of inflation is associated with a symmetry breaking scenario, with a huge range of possibilities, from GUT scale physics down to the Electroweak scale. Gravitational waves are copiously produced at preheating from the violent collisions of high density waves moving and colliding at relativistic speeds 6 , see Fig. 1 . The GW spectrum is highly peaked at the mass scale corresponding to the symmetry breaking field, which could be very different from the Hubble scale.
In low-scale models of hybrid inflation it is possible to attain a significant GWB at the range of frequencies and sensitivities of LIGO or BBO. The origin of these GW is very different from that of inflation. Here the space-time is essentially static, but there are very large inhomogeneities in the symmetry breaking (Higgs) field due to the random spinodal growth during preheating. Although the transition is not first order, "bubbles" form due to the oscillations of the Higgs field around its minimum. The subsequent collisions of the quasi-bubble walls produce a rapid growth of the GW amplitude due to large field gradients, which source the anisotropic stress-tensor 6 . The relevant degrees of freedom are those of the Higgs field, for which there are exact analytical solutions in the spinodal growth stage, which later can be input into lattice numerical simulations in order to follow the highly non-linear and out-of-equilibirum stage of bubble collisions and turbulence. However, the process of GW production at preheating lasts only a short period of time around symmetry breaking. Soon the amplitude of GW saturates during the turbulent stage and then can be directly extrapolated to the present with the usual cosmic redshift scaling. Such a GWB spectrum from preheating would have a characteristic bump, worth searching for with GW observatories based on laser interferometry, although the scales would be too small for leaving any indirect signature in the CMB polarization anisotropies. Moreover, the mechanism generating GW at preheating is also active in models where the SB scenario is a local one, with gauge fields present in the plasma, and possibly related to the production of magnetic field flux tubes 15 . In such a case, one could try to correlate the GWB amplitude and the magnitude and correlation length of the primordial magnetic field seed. The localB-polarization power spectra for tensor perturbations from inflation, cosmic strings, textures and the large-N limit of thenon-linear sigma-model. All spectra are normalized such that they make up 10% of the observed temperature anisotropy at = 10. Note that the lensed EE modes (red dashed line) contribute as colored noise to the local-BB angular power spectrum. RIGHT: The localB-polarization angular correlation functions for θ < 1 o for inflation, cosmic strings, textures and the large-N limit of NL sigma model.
In the case that inflation ends with a global or local symmetry breaking mechanism, then there generically appear cosmic defects associated with the topology of the vacuum manifold. For instance, global cosmic strings are copiously produced during preheating if the Higgs field is a complex scalar with a U(1) global symmetry 5 . In principle, all kinds of topological and non-topological defects could form at the end of inflation and during preheating. Such defects will have contributions to all three different metric perturbations: scalar, vector and tensor, with similar amplitudes 16 . In a recent work 11 , we analyzed the production of GW at preheating for a model with O(N) symmetry. The dynamics at subhorizon scales was identical to that of the usual tachyonic preheating. However, in this model even though the Higgs potential fixed the radial component to its vev, there remained the free (massless) Goldstone modes to orient themselves in an uncorrelated way on scales larger than the causal horizon. In the subsequent evolution of the Universe, as the horizon grows, spatial gradients at the horizon will tend to reorder these Goldstone modes in the field direction of the subhorizon domain. This self-ordering of the fields induces an anisotropic stress-tensor which sources GW production. In the limit of large N components, it is possible to compute exactly the scaling solutions, and thus the amplitude and shape of the GWB spectrum. It turns out that the GWB has a scale-invariant spectrum on subhorizon scales 10 and a k 3 infrared tail on large scales 11 , which can be used to distinguish between inflation and these non-topological defects.
Apart from the IR tail, the main difference between inflationary and global defect contributions to the CMB anisotropies arises from the fact that defects generically contribute with all modes: scalar, vector and tensor modes, with similar amplitudes, while inflationary tensor modes could be negligible if the scale of inflation is well below the GUT scale. Since (curl) Bmodes of the polarization anisotropies only get contributions from the vector and tensor modes, the detection of the B-mode from inflation may be challenging, and dedicated experiments like Planck and CMBpol have been designed to look for them. On the other hand, defects' contribution to the temperature anisotropies have a characteristic smooth hump in the angular power spectrum, which allows one to bound their amplitude (and thus the scale of symmetry breaking) below 10 16 GeV. 17 However, the contribution to the B-mode coming from defects have both tensor and vector components, and the latter can be up to ten times larger than the former, and actually peaks at a scale somewhat below the horizon at last scattering (in harmonic space the corresponding multipole is ∼ 1000).
In a recent paper 12 we analyzed the possibility of disentangling the different contributions to the B-mode polarization coming from defects versus that from inflation. The main difficulty, for both defects and tensor modes from inflation, is that the B-mode power spectrum is "contaminated" by the effect of lensing from the intervening matter distribution on the dominant E-mode contribution on similar angular scales. Using the temperature power spectrum to determine the underlying matter perturbation from evolved large scale structures responsible for CMB lensing, it is possible to engineer an iterative scheme to clean the primordial B-modes from lensed E-modes 18 . This procedure leaves a significantly smaller polarization noise background ∆ P,eff which allows one to detect the GW background at high confidence level (3-σ) if the scale of inflation or that of symmetry breaking is high enough. What we realized is that the usual Eand B-modes used for computing the angular power spectra are complicated non-local functions of the Stokes parameters, involving both partial differentiation and inverse laplacian integration. Such a non-local function requires knowledge of the global polarization on scales as large as the horizon, where the B-mode angular correlation function is negligible and thus prone to large systematic errors. In contrast, the so-called "local"Ẽ-andB-modes 4, 19 can be constructed directly from the Stokes parameters and do not involve any non-local inversion. A direct consequence in this change of variables is that the angular power spectrum of localB-modes has a extra factor n = ( + 2)!/( − 1)! ∼ 4 , which boosts the high-peak in the defects' power spectra. When compared with the angular correlation function of inflation, it gives a significant advantage to the defects' prospects for detection in future CMB experiments, see Fig. 3 and Table 1 . The limiting amplitude for inflation (r=T/S) and various defects ( = Gv 2 ), at 3-σ in the range θ ∈ [0, 1 o ], for Planck (∆ P,eff = 11.2 µK·arcmin), CMBpol-like exp. (∆ P,eff = 0.7 µK·arcmin) and a dedicated CMB experiment with ∆ P,eff = 0.01 µK·arcmin. We have assumed f sky = 0.7 for all CMB experiments.
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